Trauma is still a lead ing cause of mor bid ity and mor tal ity in the con tem po rary com mu nity, partic u larly in pop u la tion youn ger than 40 years of age. Re cent stud ies have of fered new knowl edge on the cen tral role of coagulopathy in trau matized peo ple. Mas sive hem or rhage is a cause of death in se verely trau ma tized peo ple in 40% of cases, and the con trol of bleed ing is a spe cial challenge in the de vel oped and ver i fied coagulopathy. After se vere trauma, mas sive hem or rhage is very of ten the con se quence of as so ci ated sur gi cal and coagulopathic bleed ing. Mas sive blood loss di min ishes the ca pac ity of co ag u la tion sys tem, re sult ing in coagulopathy even in pa tients whose hemostasis be fore the in jury has been within phys i o log i cal lim its.
I
n the larg est num ber of cases, multi-sys tem in ju ries in polytraumatized pa tients are fol lowed by mas sive bleed ing. The most fre quent cause of such mas sive, uncon trolled bleed ing is posttraumatic ac quired coagulopathy, which is also the most of ten cause of le thal outcome. Al though there has not been yet a con sen sus and true def i ni tion of mas sive hem or rhage, the cli ni cians are guided by the fol low ing def i ni tions:
1. mas sive hem or rhage is a loss of the whole cir cu latory vol ume within 24 hours 2. the loss of a half of a to tal blood vol ume within 3 hours 3. the loss of blood vol ume at rate of 150 ml/min 4. loss of 1-5 ml/kg/min within 20 min utes Co ag u la tion sys tem tra di tion ally acts as com pletely sep a rate sys tem that has been de vel oped to pre vent and re strict the loss of blood vol ume and blood com po nents. Co ag u la tion is an in te gral part of in flam ma tion and an ex ten sive co ag u la tion ac ti va tion re sults in syn drome of sys temic in flam ma tory re sponse and sig nif i cant sus cep tibil ity to sep sis. 1 This is fur ther in ten si fied by im mu nolog i cal ef fects of trans fu sion ther apy. [2] [3] [4] Nor mal hemostasis is a com pli cated and very com plex dy namic equi lib rium of pro-and antithrombotic pathways. Co ag u la tion re ac tions oc cur on mem brane sur faces of the en do the lial cells, plate lets, monocytes and neu trophils. Any dis or der of this com plex dy namic bal ance results in procoagulant state. In these sit u a tions (trauma, tis sue dam age, shock), three ma jor procoagulant pathways are be ing ac ti vated: co ag u la tion cas cade, plate lets and vasoconstriction. These afore men tioned path ways are bal anced by the in hib i tory sys tems: TFPI (tis sue factor path way in hib i tor), antithrombin (AT), pro tein C system (PC) and fibrinolytic path ways. Thrombomodulin (TM) on the en do the lial cell sur face in te grates these path ways, bind ing the prothrombic thrombin to thrombomodulin (TM), re sult ing in PC ac ti va tion, and thus increas ing the fibrinolysis through the TAFI (thrombin-activatable fibrinolysis in hib i tor).
MA TE RIAL AND METH ODS
This re view ar ti cle is the anal y sis of all rel e vant as pects re lated to the prob lems of early and late posttraumatic coagulopathy, which have been ad dressed in the available, rel e vant pro fes sional lit er a ture.
RE SULTS AND DIS CUS SION
Coagulopathy in trauma is a multifactorial dis or der, encom pass ing all com po nents of hemostatic sys tem. Ac tiva tion or dys func tion of fi brin pro duc tion or both, platelets and en do the lium play sig nif i cant role in de vel op ment of coagulopathy and re sult ing un con trolled hem or rhage, in clud ing the sub se quent in hi bi tion of pro duc tion of a sta ble clot, by ac ti va tion of an ti co ag u lant and fibrinolytic The ma jor ity of stud ies have been fo cused on co ag u lation pro teas es, which may be con sumed or in hib ited. The loss of co ag u la tion pro teas es is di rect sequela of their exten sive ac ti va tion or mas sive con sump tion, or di rect conse quence of hemodilution oc cur ring dur ing cir cu la tory vol ume supplementation for cor rec tion of cir cu la tory dys func tion and hemodynamic in sta bil ity. In hi bi tion of se rum pro teas es re sults from the phys i cal fac tors, such as hy po ther mia and ac i do sis or ac ti va tion of an ti co ag u lant and fibrinolytic path ways.
Based on all re cent stud ies, it may be said that there are sev eral key trig gers of coagulopathy in trauma: tis sue dam age, shock, hemodilution, hy po ther mia, ac i do sis, inflam ma tion, ane mia and elec tro lytic im bal ance.
Tis sue dam age is the uni ver sal mech a nism in trauma. How ever, an ex ten sive ness of trauma and tis sue dam age is di rectly re spon si ble for de vel op ment of early coagulopathy as well as ex tent of coagulopathy 5, 6 . In spe cific, the in ju ries fol lowed by enor mous re lease of ki netic en ergy, crush or blast in ju ries are char ac ter ized by ex ten sive tissue dam age, in dis tinc tion from the le thal pen e trat ing injury, which is fea tured by lesser tis sue dam age. Re gardless of all these, coagulopathy may de velop to have both clin i cal pic tures. Clin i cally, se ver ity of in jury is closely as so ci ated with the ex tent of coagulopathy. 7, 8 Trauma-in duced tis sue dam age ini ti ates the co ag u la tion pro cess. En do the lial dam age leads to ex po sure of subendothelial col la gen type III and tis sue fac tor (Thromboplastin), which starts the ac ti va tion of co ag u lation, which then may up start the con sump tion coagulopathy. Tis sue fac tor binds von Willebrand's fac tor, platelets and ac ti vated fac tor VIIa 9 . Tis sue fac tor or re com binant VIIa com plex ac ti vates the plasma co ag u la tion proteas es, re sult ing in pro duc tion of thrombin and fi brin forma tion 10 . The amount of tis sue fac tor re quired for ini ti ation of co ag u la tion is min i mal. There upon, the pro cess is be ing en hanced by fac tor FIX, pre dom i nantly on the surface of ac ti vated plate lets 11 . Hyperfibrinolysis is usual af ter trauma. It is a di rect con se quence of tis sue dam age and shock 12 . En do the lial le sion re sults in an in crease of fibrinolytic ac tiv ity due to di rect re lease of tis sue ac ti va tor plasminogen (tPA) from en do the lial cells 13 , as well as plasminogen ac ti va tor inhib i tor (PAI-1). En do the lial tPA ex pres sion also rises in the pres ence of thrombin.
14 Fibrinolysis is en hanced because of com bined ef fects of the en do the lial tPA that is re leased due to ischemia 15, 16 and the ini tial in hi bi tion in shock 7 within the first hours of trauma. In ad di tion, reduced con cen tra tion of thrombin causes an ab nor mal poly mer iza tion of fi brin mono mers, which are sus cep ti ble to plas matic deg ra da tion 17 . The aim of this fibrinolysis is prob a bly to re strict the prop a ga tion of clots to the site of vas cu lar le sion.
The in ju ries of some or gans are also as so ci ated, in a spe cific way, with an early posttraumatic coagulopathy. Spe cif i cally, se vere trau matic le sion of the brain is usually fol lowed by in ten si fied bleed ing 18, 19 , what is the result of re lease of spe cific ce re bral thromboplastins into the cir cu la tion with the con se quen tial con sump tion of coag u la tion fac tors 20 . Spe cific ce re bral thromboplastins, tissue fac tor (TF) and ce re bral phospholipids are oc ca sionally re leased into cir cu la tion, how ever, the ma jor ity of recent stud ies have sug gested that hyperfibrinolysis may even be a pre dom i nant mech a nism and ba sic cause of inten si fied bleed ing in pa tients with se vere, iso lated brain le sion 19, [21] [22] [23] . Frac tures of long bones are also as so ci ated with coagulopathy; how ever, stud ies and lit er a ture data re porting these cases are scarce 24 . The fact is that fat em bo lism, which is rel a tively fre quent com pli ca tion of the long bone frac ture, may mimic the pic ture of typ i cal DIC-type syn drome 25 . Nev er the less, it rarely hap pens in early posttraumatic phases. An ex pla na tion for coagulopathy in this or tho pe dic trauma lies in the fact that mul ti ple fractures of long bones are as so ci ated with an im paired co agu la tion due to mas sive tis sue trauma, shock and in flamma tion 26 .
SHOCK
Re cently, pathophysiology of the shock posttraumatic con di tion has been rec og nized as very sig nif i cant and com plex. Di rect tis sue dam age ini ti ates lo cal re sponse of af fected cells that pro voke sys temic re ac tion that is signif i cantly en hanced. A sys tem of com po nents that are pres ent in plasma as the con se quence of mem brane cel lular dam age is re leased from the lesioned cells. Among them is a tis sue fac tor (thromboplastin), as a part of adaptive re sponse to in jury. Non-lesioned cells in other parts of body re act with me di a tors re leas ing their own compounds, i.e. ad he sive mol e cules in the lungs dur ing the hem or rhagic shock. The re sult of all this is a cas cade of bio chem i cal changes that syn er gis ti cally pro duces the sys temic dis ease, such as the acute lung in jury af ter severe musculoskeletal trauma. Mas sive hem or rhage, with re sult ing shock state, is rec og nized as a trig ger of complex multisystem dis ease and con se quen tial change of dy namic equi lib rium of co ag u la tion sys tem. Ac cord ingly, the shock could be a pri mary ini ti a tor of early coagulopathy. There have been de scrip tions on dose-depend ent re la tion be tween the de gree and se ver ity of tissue hyperfusion and de gree of co ag u la tion mea sured by prothrombin time (PT) and ac ti vated par tial thromboplastin time (aPTT) 7, 18, 27 . Base def i cit higher than 6 was as so ci ated with coagulopathy in one-quar ter of patients in the en larged study 7 . Con trary to ex pected, platelet count re mained un changed 1, 2, 9 . On the con trary, pa tients who do not de velop shock state, have nor mal coag u la tion pa ram e ters (PT, aPTT), in spite of high ISS (Injury Se ver ity Scores) 7 . All these dis or ders are pres ent before fluid ad min is tra tion for vol ume supplementation and are not the sequela of di lu tion ef fects.
Brohi et al 28 has proven that tis sue dam age and con sequen tial shock state give rise to in ten si fi ca tion of fibrinolysis by pro tein C ac ti va tion. The fact that coagulopathy is an early pre dic tor of the se ver ity of dis ease and the most fre quent cause of le thal out come from bleed ing, sig nif i cantly con trib utes to mod i fi ca tion and im provement of re sus ci ta tion strat egy.
In spite of all this knowl edge, the true mech a nism of or i gin of shock-in duced coagulopathy has re mained unclarified. Ac i do sis as the con se quence of the cir cu latory vol ume loss and re sult ing hypoperfusion in ter feres with the func tion of co ag u la tion pro teas es. It seems that the shock state is a sequela of changes in hemostatic system, which is un der con di tions of tis sue dam age, tis sue per fu sion and intravascular vol ume def i cit, an ti co ag u lant and hyperfibrinolytic. 7 All these dis or ders are the re sult of mas sive en do the lial dis rup tion and tis sue dam age. One study re lies on ac ti va tion of pro tein C (aPC), which results from the in crease of thrombomodulin ac tiv ity 7 . Thrombin through thrombomodulin com plex re sults in hyperfibrinolysis ei ther be cause of aPC con sump tion by PAI-1 29 or re duced ac tiv ity of TAFI (thrombin-activatable fibrinolysis in hib i tor) 30, 31 . In early posttraumatic phase, di rect tis sue trauma and shock with sys temic hypoperfusion and cir cu la tory dysfunc tion are prob a bly pri mary fac tors re spon si ble for the de vel op ment of early coagulopathy. Early coagulopathy has been pres ent in at least one of four pa tients with severe trauma and high ISS, so the mor tal ity has been increased four fold, as re ported by sev eral stud ies 5, 6 . Such form of coagulopathy is in ten si fied by ad di tional phys i cal and phys i o log i cal im pair ments as so ci ated with im mi nent hem or rhage, in ad e quate vol ume supplementation or trans fu sion ther apy.
HEMODILUTION
Hemodilution is the main cause of clin i cal coagulopathy in trauma. 32, 33 Dur ing shock state, re duc tion of intravascular hy dro static pres sure re sults in re dis tri bu tion of flu ids to body com part ments, that is, trans fer of flu ids, de fi cient in co ag u la tion fac tors, from the intracellular and in ter sti tial space into plasma. Re sult ing di lu tion of co agu la tion fac tors also oc curs as the ef fect of fluid ad min istra tion for cor rec tion of intravascular vol ume. In dis tinction from crystalloid so lu tions pro duc ing phe nom e non of pas sive hemodilution, the ap pli ca tion of colloid so lu tions sig nif i cantly in ter feres with co ag u la tion, both by pas sive hemodilution and di rect mod i fi ca tion of the pri mary clot qual ity be cause of re duc tion of ad he sion forces in the primary clot and de fi cient ac ti va tion of plate lets. In ad dition, eryth ro cyte ther apy in duces di lu tion of co ag u la tion fac tors by di min ish ing co ag u la tion abil ity and re duced amount of co ag u la tion fac tors. Eryth ro cyte and blood deriv a tives trans fu sion should be ad min is tered in 1:1:1 ra tio (eryth ro cytes, plasma, plate lets). Within hemodilution, the fact worth men tion ing is that the fi brin clot is more sus cep ti ble to t-PA in duced hyperfibrinolysis 34 . Hemodilution re duces the PAI-1 lev els, and there fore it in suf ficiently an tag o nizes the ac tiv ity of t-PA. More over, the lev els of FXIII, a 2 antiplasmin and TAFI are de creased due to hemodilution, thus the ex ist ing fi brin is more suscep ti ble to fibrinolysis 34 .
HY PO THER MIA
Hy po ther mia di min ishes the syn the sis of co ag u la tion fac tors, in hib its the ac tiv ity of co ag u la tion pro teas es and in ter feres with platelet func tion 34, 35 . It ac cel er ates fibrinolysis, and de cel er ates the ac tiv ity of co ag u la tion cas cade, en zy matic pro cesses, me tab o lism of lac tates and ci trates, thus ad vanc ing the de vel op ment and deep en ing al ready ex ist ing met a bolic ac i do sis 34 . Ac tiv ity of tis sue fac tor or FVIIa com plex de clines lin early with tem per a ture, whereby its ac tiv ity is only 50% at tem per a ture of 28 o C [35] [36] [37] . How ever, hy po ther mia may also have min i mal ef fect on ac ti vated fac tor VIIa (FVIIa) and other pro teas es 37 . Plate lets are prob a bly more sen si tive to hy po ther mia, be cause low tem per a ture di min ishes their ac tiv ity 38 . Lowered ac tiv ity of plate lets in hy po ther mia is the re sult of re duced and in suf fi cient bind ing of von Willebrand's factor to glucoprotein re cep tors Ib/IX. Ac ti va tion is completely ab sent at tem per a ture be low 30 o C 39 . Mild hy po ther mia is usual in trau ma tized pa tients 40 due to re duced ther mal pro duc tion from hy per-perfused and non-perfused mus cles and in ten sive loss of heat from body shiv er ing and evap o ra tion from body cav i ties during sur gi cal in ter ven tion. Hy po ther mia may also be the con se quence of me di ca ment ad min is tra tion and in fu sion of cold so lu tions for vol ume supplementation 41 . Clin i cally sig nif i cant ef fects on co ag u la tion sys tem, plate lets and clin i cal bleed ing may be seen in mod er ate hy po ther mia, at tem per a ture be low 34 o C [35] [36] [37] 42, 43 . Mor tality rate from trau matic hem or rhage is sig nif i cantly higher in se vere hy po ther mia when body tem per a ture is lower than 32 o C 44 . Hy po ther mia weak ens the im mune re sponse and reduces the pro duc tion of cytokines and mi gra tion of neutro phils. Al though this low ered im mune re sponse protects tis sue from reperfusion le sion and in flam ma tory dam age, yet hy po ther mia in creases the risk of in fec tion. Du ra tion and de gree of hy po ther mia are crit i cal vari ables that have ef fect on the in crease of in fec tion in ci dence. Short-term deep hy po ther mia is not the same as mild or mod er ate one. Hy po ther mia low ers the sys temic clearance of drugs cytochrome p450 ap prox i mately from 7%-22% be low tem per a ture of 37 o C. At cel lu lar level, the re duc tion of adenosine-5-triphosphatase (ATP) plays an im por tant role in de vel op ment of spon ta ne ous hy pother mia.
Hy po ther mia that de vel ops spon ta ne ously af ter se vere trauma is a marker of the se ver ity of dis ease and as so ciated with higher de mand for trans fu sion and vol ume supplementation, there fore, it is a pre dic tor of poor outcome 45, 46 . In spite of all the afore men tioned, fast con trol of hemor rhage, fol lowed by ad e quate vol ume supplementation, keeps on be ing the base line of re sus ci ta tion of se verely trau ma tized pa tients. Nev er the less, the con trol of hem orrhage is not easy to achieve. At cel lu lar level, hem or -rhage and re sus ci ta tion in duce changes that are alike ischemia-reperfusion le sion, in clud ing the pro duc tion of re ac tive ox y gen spe cies, in flam ma tory cas cade ac ti va tion and in crease of cel lu lar apoptosis [47] [48] [49] .
Ac i do sis
Iat ro genic fac tors (high level of ci trates due to mas sive trans fu sion and in tra ve nous vol ume supplementation by large quan ti ties of sa line), hy po ther mia, shock, ischemia -reperfusion phe nom e non are the main rea sons of ac i dosis in ter fer ing with the hemostatic po ten tial 50 . Le thal triad -hy po ther mia, ac i do sis, coagulopathy -sig nif i cantly increases mor tal ity. De gree of ac i do sis cor re lates with the se ver ity of coagulopathy and per cent age of mor tal ity rate 51, 52 . Ac i do sis changes the func tion of co ag u la tion pro teas es. Clin i cally, it is very dif fi cult to dif fer en ti ate the ef fects of ac i do sis per se from the ef fects of shock and tis sue hypoperfusion. Other than its in ter fer ence with the ac tivity of co ag u la tion pro teas es, ac i do sis also dis turbs the fibrin poly mer iza tion, and ac cord ingly re duces the sta bil ity of blood clot.
Ac tiv ity of FXa/Va com plex is re duced by 50%, 70% and 90% at pH 7.2, pH 7.0 and pH 6.8, re spec tively 37 . In ad di tion, ac i do sis in creases deg ra da tion and con sump tion of fibrinogen 53 . Coagulopathy will not be cor rected by buffer so lu tion used for cor rec tion of met a bolic ac i do sis 53, 55 , mean ing that ac i do sis is a multi-com plex mech a nism and not only the ba sic re duc tion of ac tiv ity of co ag u la tion pro teas es.
IN FLAM MA TION
Trauma is a po tent ini ti a tor of in flam ma tion, and the sys temic in flam ma tory re sponse syn drome (SIRS) is a com mon "com pan ion" of the se vere trauma 56 . En do thelial ac ti va tion and tis sue dam age lead to ac ti va tion of cellu lar and humoral el e ments of the im mune sys tem. This si mul ta neous ac ti va tion of in flam ma tory re sponse and co ag u la tion cas cade, fol lowed by tis sue dam age, phylogen eti cally has been and is an an cient strat egy of survival. Ac ti va tion of co ag u la tion pro teas es may in duce the in flam ma tion through the transmembrane pro te ase re ceptors that are lo cated on the cel lu lar sur face and di rectly ac ti vate the com ple ment [57] [58] [59] [60] . Degranulating plate lets release lysophospholipid me di a tors that po ten ti ate im mune re sponse by ac ti va tion of neu tro phils and en do the lium 61, 62 . Con versely, the ini ti a tion of in flam ma tory re sponse causes the dis or der of co ag u la tion. Higher monocyte expres sion of tis sue fac tor (TF) en ables platelet ad he sion at the site of in jury [63] [64] [65] [66] . En do the lial ac ti va tion of thrombomodulin-pro tein C path way and com pet i tive bind ing of C4b-bind ing pro tein to pro tein S bring about the al terations in an ti co ag u lant path ways 67 . Ini tially, trau ma tized pa tients are in the state of early coagulopathy with the in creased def i cits due to mas sive hem or rhage; how ever, such state may eas ily be transferred to hypercoagulable con di tion, in creas ing the risk of throm bo sis 68 . This late prothrombotic state has unusual con spic u ous sim i lar ity with coagulopathy in se vere sep sis and ad di tional pro tein C con sump tion 69 . The in cidence of sep sis is higher in trau ma tized pa tients, and in both events -trauma and sep sis -the ep i sode of coagulopathy re sults in prothrombotic state 68 and propen sity to wards mul ti ple or gan fail ure (MOF).
HYPOCALCEMIA
Ion ized cal cium acts as a bridge be tween the neg a tively charged vi ta min K-de pend ent co ag u la tion fac tors, phospholipids and en do the lium. Cal cium is a pro tec tor of fibrinogen, be cause it pre vents de na tur ation and pro te oly sis, and in flu ences the func tion of plate lets as well. Hemostasis is im paired if cal cium lev els are be low 0.6-0.7 mmol/L. Crit i cal lev els are ex pected af ter ad minis tra tion of colloid so lu tions and vast amounts of fresh frozen plasma, es pe cially in pa tients with the im paired hepatic func tion. Hypocalcemia po ten ti ates hem or rhagic diathesis 34 .
CON CLU SION
Eti ol ogy of trauma-in duced coagulopathy is multifactorial. This con di tion is as so ci ated with mas sive blood loss, in clud ing the con sump tion of co ag u la tion factors, plate lets and hemodilution. Sub se quent hyperfibrinolysis, hy po ther mia, shock, hypoperfusion, met a bolic ac i do sis and elec tro lyte im bal ance ad di tion ally in ter fere with the ac tiv ity of co ag u la tion sys tem.
SUM MARY

KOAGULOPATIJA U TRAUMI
Trauma je i dalje vodeaei uzrok morbiditeta i mortaliteta u savremenom svetu, naroèito u populaciji mlaðih od 40 godina. Nedavne studije pruzaju nova saznanja o centralnoj ulozi koagulopatije kod traumatizovanih. Masivna hemoragija je u 40% sluèajeva uzrok smrti kod teško traumatizovanih i kontrola krvarenja predstavlja poseban izazov u prisustvu razvijene i utvrdjene koagulopatije. Nakon teške traume masivno krvarenje je vrlo èesto posledica udruzenog hirurskog i koagulopatskog krvarenja. Masivan gubitak krvi umanjuje kapacitet koagulacionog sistema, te se posledièno razvija koagulopatija, èak i kod pacijenata èija je hemostaza pre povredjivanja bila u fiziološkim granicama.
Kljuène reèi: koagulopatija, trauma, mehanizam, nekontrolisano krvarenje
